I.
General Information:
Reactions were run under ambient conditions in air using solvents, gold chloride precursors, phosphine ligands, NBu 4 Br, acetic acid, HCl (conc.), and HNTf 2 as purchased from Aldrich, Fisher Scientific, or Strem. NMR data were acquired using a BRUKER AVANCE 600 MHz spectrometer. Spectra were referenced to TMS (0.00 ppm) using residual proton or carbon signals of the deuterated solvent. 31 P spectra were referenced to P(OPh) 3 in CDCl 3 (-18 .0 ppm) or concentrated H 3 PO 3 (0 ppm) as external standards. ESI high resolution mass spectra (HRMS-ESI+) were obtained on a BRUKER APEX-QE.
II. Synthesis and Characterization of Gold-Complexes:
Synthesis of (o-Tol) 3 PAuCl: A 1:1 mixture of (o-Tol) 3 P (121 mg, 0.40 mmol) and Me 2 SAuCl (119 mg, 0.40 mmol) were dissolved in dichloromethane and stirred for 4 h. The solvent was removed under reduced pressure and a white powder of (o-Tol) 3 PAuCl (212 mg, 0.39 mmol) was isolated in a quantitative yield (> 95% Synthesis of (o-Tol) 3 PAuNTf 2 (4b): A 1:1 mixture of (o-Tol) 3 PAuCl (326 mg, 0.61 mmol) and AgNTf 2 (236 mg, 0.61 mmol) were dissolved in 20 mL of dichloromethane and stirred for 1 h. The reaction mixture was filtered through a plug of celite The solvent was removed under reduced pressure and a white powder of (o-Tol) 3 PAuNTf 2 was isolated in a quantitative yield (> 95%, 466 mg, 0.60 mmol).
2 1 H-NMR (CD 2 Cl 2 , 600 MHz, δ in ppm): 7.55 (t, J = 7.8 Hz, 1H), 7.44 (apparent t, J HH = 7.8 Hz, J PH = 6.6 Hz, 1H), 7.25 (t, J = 7.8 Hz, 1H), 6.92 (dd, J PH = 13.8 Hz, J HH = 7.8 Hz, 1H), 2.67 (s, 3H). Trapping of --diaurated vinyl intermediate 6:
Method 1: In a 20 dram vial was suspended 88 mg of (o-Tol) 3 PAuNTf 2 (4b, 0.11 mmol) and 122 mg of polymer bound 2,6-di-tert-butyl pyridine (0.22 mmol, Aldrich 1.8 mmol/g) in 5 mL dichloromethane. A solution of 19 mg of 1 (0.056 mmol) in 5 mL dichloromethane was added and stirred for 24 h. The suspension was filtered through a plug of glass wool. The solvent was removed in vacuo to obtain an enriched sample of 6. Minor impurities of 2 (< 10 % based on integration of proton signals) were detected by 1 H NMR. (o-Tol) 3 PAuNTf 2 and {(o-Tol) 3 P} 2 AuNTf 2 (< 25 % based on integration of phosphorous signals) were additionally detected as impurities. Method 2: In an NMR tube 3.5 mg of 1 (0.01 mmol) was dissolved in 0.5 mL CD 2 Cl 2 and 5.3 mg of 2,6-di-tert-butyl pyridine (DTBP, 0.028 mmol) were added. After adding 1.6 mg of (o-Tol) 3 PAuNTf 2 (4b, 0.002 mmol, 0.2 equiv) the reaction was monitored by 1 H and 31 P NMR, which indicated full conversion 4b to 6 within 13 h. Then, a second portion of 4b (11.2 mg, 0.014 mmol, to increase the total of 4b to 1.6 equiv) was added, which again took 13 h to fully convert 4b to 6. NMR data obtained from these experiments were significantly cleaner and showed less by-products than samples from method 1, however DTBP and DTBP•HNTf 2 could not be separated. See Figure S1 for sections of the corresponding 1 H and 31 P NMR spectra. Single crystals of 6 suitable for X-ray analysis (see also section V): In a 20 dram vial 10 mg of an enriched sample of 6 was dissolved with a minimum quantity of dichloromethane. This solution was layered with pentane and slowly evaporated for 2-3 weeks. Single crystals of 6 and {(o-Tol) 3 P} 2 AuNTf 2 were obtained. The third crystal mounted gave a data set for the structure of 6. The first two crystals revealed the structure of {(o-Tol) 3 P} 2 AuNTf 2 .
NMR data of a sample obtained through method 1. These samples were used in the reactivity studies mentioned in 
III. Catalytic Experiments:
Monitoring the reaction of 1 with 10 mol% of 4b:
In an NMR tube 42 mg of 1 (0.126 mmol) was dissolved in 0.65 mL CD 2 Cl 2 . To this solution was added 9.3 mg of 4b (0.012 mmol) as a solid. The reaction was followed by 31 P NMR. Broad signals corresponding to 4b and intermediate 6 were detected by 31 P NMR (see Figure 3 in the manuscript).
Monitoring the reaction of 1 with 10 mol% of other catalysts (general procedure):
In an NMR tube a sample of 1 was dissolved in CD 2 Cl 2 . To this solution, 5-10 mol% of catalyst were added as a solid. The reaction was followed by 1 H and 31 P NMR. Sharp signals in a 1:1 ratio (typically in the 36 ppm region) were detected by 31 P NMR, which were indicative of a digold species (see Figure S2 and S3).
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IV.
Reactivity Studies of --Diaurated Complex 6:
Reaction with excess (o-Tol) 3 P: In an NMR tube 3.5 mg of an enriched sample of 6 (approx. 0.0022 mmol) was dissolved in 0.5 mL CD 2 Cl 2 . To this solution was added 7.4 mg of (o-Tol) 3 P (0.024 mmol) as a solid. Immediate conversion (< 5 minutes) to gold-vinyl 3b and {(o-Tol) 3 Reaction with excess AcOH: In an NMR tube 4.4 mg of an enriched sample of 6 (approx. 0.0027 mmol) was dissolved in 0.5 mL CD 2 Cl 2 . To this solution was added 1 drop of glacial acetic acid. No conversion of 6 was observed by NMR within 30 min.
Reaction with excess HCl:
In an NMR tube 3.6 mg of an enriched sample of 6 (approx. 0.0022 mmol) was dissolved in 0.5 mL CD 2 Cl 2 . To this solution was added 1 drop of conc. HCl. Instant conversion of 6 to 2 and (o-Tol) 3 PAuCl were observed by NMR (< 5 min).
Reaction with excess HNTf 2 : In a vial 28.8 mg of HNTf 2 (0.10 mmol) was dissolved in 0.4 mL CD 2 Cl 2 . To this solution was added 3.4 mg of an enriched sample of 6 (approx. 0.0021 mmol) dissolved in 0.4 mL CD 2 Cl 2 and shaken for 10 minutes. The reaction mixture was transferred to an NMR tube and sequential 1 H NMR spectra indicated no significant conversion of 6 for another 90 minutes at RT. Monitoring this solution for reaction for an additional 11 h by 1 H NMR indicated complete consumption of 6 but no formation of 2. Instead, decomposition of 6 to other unidentified compounds was observed. In a control experiment, a vial was charged with 29.5 mg of HNTf 2 and dissolved in 0.4 mL CD 2 Cl 2 . To this solution was added 4.1 mg of the previously reported digold-vinyl 5 3 (0.0027 mmol) dissolved in 0.4 mL CD 2 Cl 2 . The reaction mixture was immediately transferred to an NMR tube. NMR data showed instant conversion of 5 to 2 (< 5 minutes). 
V. Analytic Data and Supplementary Figures:

